The seeds of Nigella sativa were treated with 50, 100, 150, 200, 250, 300 Gy doses of gamma rays. A hexapetalous mutant was observed at 100 Gy dose in M 1 generation. It was found to have increased seed weight and seed number as compared to the control plants. The chromosomal abnormalities at 100 Gy dose were also at the optimum level (17.10%). Therefore, this dose can be suggested to be beneficial for mutagenesis in plants.
Nigella sativa L. (black cumin) is an important spice of commerce and has immense therapeutic use (Pruthi 1998) . It belongs to family Ranunculaceae. The plant species is also a good material for cytological studies (Kumar and Nizam 1978) as it has relatively low number of chromosomes (2nϭ12) of suitable size and good stainability (Bhattacharya 1958) .
Induced chromosomal variations are valuable cytogenetical tools for gene identification, isolation and mapping. Chromosomal variations have been induced by chemical agents (Kumar and Singh 2003) , pesticides (Epstein and Legator 1971) , heavy metals (Kumar and Rai 2007) and mainly by means of gamma radiation (Ahmad 1993 , Vizir et al. 1994 , Gecheff 1996 , Alvarez et al. 1997 , Riera Lizarazu et al. 2000 .
Further, the cytological abnormalities during meiosis have also been regarded as one of the dependable parameters for estimating mutagenic sensitivity of a species. In the present study gamma rays have been used to assess its mutagenic efficiency in Nigella sativa and also to determine whether any specific dose can prove to be beneficial for the plant.
Material and methods
Seeds of Nigella sativa var Azad were obtained from Chandra Shekhar Azad University of Agriculture and Technology, Kanpur. The seeds were exposed to different doses of gamma rays viz. 50, 100, 150, 200, 250 and 300 Gy from Co 60 source at National Botanical Research Institute, Lucknow. After the treatment, these seeds were pre-soaked for 12 h and sown in experimental pots.
For meiotic studies, young floral buds were fixed in Carnoy's fixative (3 : 1) for 24 h and then transferred to 70% ethyl alcohol. Slides were then prepared by squash method using 2% acetocarmine.
Results
Significant morphogenetic variations were observed at different treatment doses. The various morphological parameters and meiotic anomalies have been tabulated in Table 1 and Table 2 , re-spectively. In the control set, germination was recorded as 92.6% while in irradiated sets it decreased from 90% to 58.3% along with increasing treatment doses. Survival percentage also decreased from 88.4% to 42.4% along with the increasing doses of gamma rays from 50-300 Gy.
Other morphological parameters also showed considerable variations ( Table 1 ). The analysis of morphological parameters revealed that the plant height in control sets was found to be 54.86Ϯ0.45 cm while it decreased from 53.16Ϯ0.76 to 36.84Ϯ0.29 cm at different doses of gamma irradiated sets. Stem diameter was recorded to be 3.96Ϯ0.23 cm in control set while in gamma-irradiated sets it decreased from 3.8Ϯ0.25 to 2.18Ϯ0.32 cm. Similarly, the number of nodes in control sets was 15.4Ϯ0.23 while it decreased from 14.6Ϯ0.34 to 4.3Ϯ0.64 in gamma irradiated sets .The other morphological parameters like days to flowering and days to maturity increased while the seed weight and pollen fertility showed a decreasing trend in the treatment doses as compared to control.
Cytological analysis (Figs. 1A-L) revealed normal meiosis in control plants (nϭ6) and 6 bivalents were observed at metaphase-I (Fig. 1A) . Normal anaphasic separation (6 : 6) was observed at Anaphase-I (Fig. 1B) . However, in the gamma-irradiated sets, PMCs showed various chromosomal disturbances during meiosis. The frequency of meiotic disturbances increased along with the increasing doses of radiation (3.62% to 41.68%). Predominant abnormality observed during the study of all the 6 doses was stickiness or clumping (12.52%) at Metaphase-I/II (Figs. 1E and J), multiva- lent (7.38%) at metaphase-I (Fig. 1C) . Other abnormalities frequently observed were precocious movement ( Fig. 1F ) and secondary association (Fig. 1D) at metaphase-I, lagging chromosomes at anaphase-I (Fig. 1I) , single bridge at anaphase-I (Fig. 1G) , sticky bridge at anaphase-I (Fig. H) , unoriented single bridge at anaphase-II (Fig. 1K ), non-synchronous division at anaphase/telophase-II (Fig. 1L) etc. Micronuclei and unorientation were however common at higher doses only (200-300 Gy). Studies on chiasma frequency revealed an increasing trend (4.5Ϯ0.2 at 50 Gy to 9.6Ϯ0.3 at 300 Gy) as compared to control (3.2Ϯ0.4). This justifies the formation of multivalents at all the doses. In addition to this, a hexapetalous mutant (Fig. 2B) was also observed at 100 Gy dose as compared to Pentapetalous flowers in control plants. (Fig. 2A) . When the morphological parameters of the mutant and the control plants were compared (Table 3) it was found that the mutant plant had increased height (58.20Ϯ0.63 cm) as compared to control set (54.86Ϯ0.45 cm). Stem diameter of the mutant was found to be 4.2Ϯ0.46 cm as compared to 3.96Ϯ0.23 cm in control set. The mutant plant also had greater number of seeds i.e. 96 in comparison to control sets i.e. 82. The 100 seed weight was recorded to be 9.72Ϯ0.67 gm in the mutant plant as compared to the control set (9.65Ϯ0.21 gm). However, the pollen fertility in the mutant plant was recorded to be 96.50Ϯ0.42 % as compared to the control plants (98.0Ϯ0.34%).
Discussion
The spectrum of chromosomal abnormalities induced by the gamma rays is broad and it includes a comparatively higher proportion of stickiness and multivalent. Stickiness has been reported to be a result of partial dissociation of nucleoproteins and alterations in the pattern of organization of chromosomes by Evans (1962) while Jayabalan and Rao (1987) attributed it to be due to the disturbances in cytochemically balanced reactions. However, it seems most probable that the gamma rays may have caused some kind of gene mutation, which leads to incorrect coding of some non-histone proteins involved in chromosome organization. When affected, these proteins lead to chromosome stickiness. Multivalent formation in the irradiated seed progenies has been attributed to the many breaks produced by gamma rays, which may lead to reciprocal translocation and resulting into multivalent formation. Such type of multivalent formation has also been reported in irradiated plants of rice (Radha Devi and Reddi 1997) .
Chromosome bridges may arise due to stickiness or due to the formation of dicentric chromosome by breakage and reunion. Secondary association of chromosomes, in many diploid species, has been interpreted as a result of modified chromosome rearrangement due to duplication, interchanges or stickiness. Other abnormalities like precocious movement, laggard, non-synchronous division and unorientation may appear because of abnormal spindle activity (Kumar and Singh 2003) . Laggards and non-oriented bivalents may produce micronuclei if they fail to reach the poles in time to be included in the main nucleus (Koduru and Rao 1981) As more and more abnormalities accumulate the process of gamete formation is affected and it leads to non-viable gametes that considerably reduce the plant fertility, which is clearly visible in the present study since pollen fertility registered a marked decrease after the gamma rays treatment. Studies on different plant species have shown that the decline in seed production is correlated with the meiotic irregularities (Pagliarini and Periera 1992 , Pagliarini et al. 1993 , Consolaro et al. 1996 , Khazanderi and Jones 1997 .
From the foregoing study it can be concluded that mutation/variation can possibly be created through the gamma rays. But specific effective dose varies from plant to plant. In Nigella sativa 100 Gy dose seems to be most effective since it produces hexapetalous flowers with better yield (increased number of seeds and seed weight) and also the abnormality percentage at this dose is 17.10% as compared to 41.68% at 300 Gy dose. This is an optimum level of abnormality, which will not produce any deleterious effect on the chromosome complement of the plant. Thus it can be suggested that various traits can be improved upon in desired plants even at lower doses of gamma rays.
